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one and therefore much more dangerous for nucleosynthesis. Here we review some of our recent
results
1
on how to calculate gravitino production during preheating, by means of the high energy
equivalence between goldstinos and helicity 1=2 gravitinos. For further details and references
we refer the reader to that work
1
.
2 Supergravity Lagrangian and gravitino helicities
We will consider minimal supergravity coupled to a single chiral supereld which contains an
scalar eld  (inaton) and a Majorana spinor  (inatino, goldstino). We give only the form










































































 + log jW j
2
. Note that the last two
terms contain mixing between gravitinos  

and goldstinos, and therefore their equations of
motion are coupled. In addition, and in order to have a consistent model, we will impose that
the inaton potential energy vanishes at the minimum, so that the cosmological constant is






minimum  = 
0
, i.e. to be dierent from zero and therefore to have broken supersymmetry.
The above Lagrangian together with the corresponding bosonic one display a gauge invariance
associated to local supersymmetric transformations. As usual, when the gauged supersymmetry






, by means of the
super-Higgs mechanism. Hence, since the gravitino now is a massive spin 3=2 particle, it also
has states with 1=2 helicity, in addition to the helicity 3=2 states already present in the
massless case.
As long as we are interested in the production of gravitinos during the preheating era at the
end of ination, we will consider the equations of motion, derived from the above Lagrangian,
in a Friedmann-Robertson-Walker background and when the inaton is a homogeneous eld
only depending on time. Then, it can be seen that the equations of motion for 3=2-helicity
gravitinos reduce to the Dirac-like equation
2






Thus, the production of helicity 3=2 gravitinos can be treated as the production of Dirac
fermions during preheating. However, the helicity 1=2 equation is still coupled to the goldstino
and very complicated. Two approaches can be followed in this case. In the rst one
3
the gauge
is xed by imposing  = 0, so that the goldstino disappears from the Lagrangian, and we are
left with the equations of motion of a pure spin 3=2 spinor. This gauge is called unitary since
the unphysical degrees of freedom are not explicit. The second approach, which is the one we
are going to present here, is based on the so-called R

gauges, where it is possible to nd a high
energy relation between the helicity 1=2 gravitinos and goldstinos. Thus we will be able to
calculate the helicity 1=2 gravitino production from the much simpler production of goldstinos.
3 Gauge xing and the equivalence theorem
























where  is an arbitrary parameter. We will assume in the following that the space-time is
asymptotically at and that also asymptotically in t ! 1 the inaton eld settles down at
the minimum of the potential  ! 
0
. With these conditions we see that in those asymptotic


















are the asymptotic values of the scale factor. If we use the equations of motion for


























1  3=(2)). Note that there are




, but the important point is that
the derivative of the gravitino eld is proportional to the goldstino.
Let us then introduce the equivalence theorem. In the asymptotic regions that we mentioned
before it is expected that the general solution of the equations of motion for gravitinos and
goldstinos can be written as linear superpositions of plane waves. In fact, at high energies,








































































































































a unique high energy relation between 1=2 helicity gravitino and goldstinos. Another, even
simpler, possibility
1
is to choose the Landau gauge  !1, where there is only one m
+
solution.















The previous expression valid in the asymptotic regions is suÆcient to relate the production
of helicity 1=2 gravitinos to the production of goldstinos. In fact, let us consider a pure

















Because of the presence of the oscillating inaton eld and the space-time curvature, this solution
will no longer behave as pure positive(negative) frequency mode in the out region, but it will be









































are known as Bogolyubov coeÆcients. Since the Fourier modes of goldstinos
are related to the Fourier modes of gravitinos in the asymptotic regions, using (10) we can nd

















Thus in order to obtain the helicity 1=2 gravitino production N
L
p;l




. With that purpose we have to solve the equation of motion for the
goldstinos. However in the Landau gauge the equation of motion of the goldstinos reduces again
to a Dirac-like equation, in particular









 = 0: (14)
This is an additional reason to use the Equivalence Theorem in the Landau gauge. The problem
of helicity 1=2 production is thus reduced as in the helicity 3=2 case to a Dirac fermions
calculation. In order to check these results, we can see that in the limit jj M
P
, the equation
for the goldstinos in the Landau gauge (14) can be approximated by




W )  = 0; (15)
which is the equation obtained in the unitary gauge
3
for the helicity 1=2 gravitinos (in the
global supersymmetric limit). Therefore, the number of goldstinos, calculated in the Landau
gauge, is the same as that of helicity 1=2 gravitinos, calculated in the unitary gauge.
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